Thymidine is a specific precursor of deoxyribonucleic acid (DNA) and is utilized for chromosomal replication by the nuclei of cells when they double their DNA content in interphase before cell division (Reichard and Estborn, 1951; Friedkin, Tilson, and Roberts, 1956; Gall and Johnson, 1960; Mirsky and Osawa, 1961) . Autoradiography after the administration of thymidine labelled with tritium (3H-thymidine) to experimental animals is now established as a valuable tracer of DNA synthesis in actively dividing cells, for the energy of the beta radiation emitted by tritium (0 018 MeV) is sufficiently low to allow precise localization of the label in single nuclei that are preparing to divide. Furthermore, the time taken for DNA synthesis is considerably longer than that required for actual nuclear division, so that a 3H-thymidine labelling index becomes a more sensitive indicator of cell renewal and proliferation than conventional assessments of the mitotic index (Cronkite, Bond, Fliedner, and Rubini, 1959; Leblond, Messier, and Kopriwa, 1959; Crane and Dutta, 1963 ). In the experiments described in this paper, we have used this technique to identify the various cells in normal rat skeletal tissues that utilize labelled thymidine and have measured the depression in the labelling index that results from treatment with hydrocortisone.
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Material and Methods
The experiments were carried out on male inbred albino rats in the range 170-190 g. body weight and maintained on an unrestricted commercial pellet diet. Six rats served as normal controls and eight were given hydrocortisone acetate 5 mg. subcutaneously each morning for 28 days. At the end of this period the animals were given an intraperitoneal injection of 3H-thymidine (thymidine-6-T nominal, obtained from the Radiochemical Centre, Amersham) at a dose level of I ,uc. per g. body weight. They were killed 4 hours later by exsanguination under ether anaesthesia. In every instance the labelled nucleoside was injected at 10 a.m. and the rats were killed at 2 p.m. in order to avoid any alteration in uptake associated with diurnal variations in mitotic rhythm and DNA synthesis.
The right knee joint, with about 8 mm. of the lower end of the femur and a similar length of the upper tibia, was removed and fixed in 4 per cent. neutral formaldehyde. After fixation the specimens were decalcified with ethylenediamine tetra-acetic acid (EDTA) and processed to paraffin. Four sagittal sections 7,. thick were serially cut through the centre of each joint. One was routinely stained with haematoxylin and eosin and the remainder were used for autoradiography.
Autoradiographs were prepared with fine-grain stripping film from Kodak ARIO plates and were exposed at 4°C. for 6, 12, and 19 weeks in a dry atmosphere; after development in Kodak D19b developer, they were stained through the film with 1 per cent. aqueous neutral red. Accurate nuclear localization of the tritium label was observed in all the autoradiographs, but the more dense image achieved in the 19-week preparations proved best for detailed counts of labelled and non-labelled nuclear populations.
Results
Structural abnormalities were consistently observed in the epiphyseal growth plate and metaphysis of the rats given hydrocortisone. Elsewhere there were no histological differences between the experimental groups, but a difference in the capacity to utilize 3H-thymidine was revealed by the autoradiographs. 
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.' w: of the autoradiographs showed that hydrocortisone caused a reduction in the number of radioactive growth plate nuclei and this was confirmed by measurements of the labelling index (labelling index = ratio labelled nuclei: total nuclei). The range for the normal growth plates was 0 055 to 0-134 (mean 0 08) compared with a range of 0O005 to 0 044 (mean 0O023) in the rats treated with hydrocortisone. This difference is statistically highly significant (P < 0 001).
Metaphysis.-The metaphysis in the hydrocorti- (Fig. 4) . The results confirmed that the overall cellularity of this region in the hydrocortisone-treated rats was significantly lower (P < 0-001) than in the normal rats (Table II, overleaf). When, however, the number of labelled nuclei was measured and the metaphyseal labelling index calculated, no difference was observed between the groups. The value of 0 077 obtained in normal rats closely approximated the figure of 0 08 derived from the animals given hydrocortisone (P > 0 8 (Dodds, 1932) . Articular Cartilage.-There were no obvious differences on comparing routine sections of articular cartilage from the normal and hydrocortisonetreated rats, but the autoradiographs showed a difference in chondrocyte labelling. The incidence of nuclear labelling in articular cartilage was much lower than in epiphyseal growth cartilage. The total number of radioactive nuclei in both the femoral and tibial articular cartilage was counted in each specimen, but the labelling index was not calculated. The results are shown in Table II . Although there was some overlap, in general there were fewer labelled nuclei in the hydrocortisone-treated group (mean 0 88) than in the normal animals (mean 3-5).
Synovial Lining.-The periarticular connective tissues were not studied in detail, attention being focused on the lining layer of synovial membrane.
The results were similar to those obtained for the articular cartilage, in that although no difference was detected in ordinary histological preparations a different incidence in nuclear labelling was found in the two groups. Labelled synovial nuclei were much less frequent in the hydrocortisone-treated animals (mean 0 5) than in normal rats (mean 3 6).
Mature Bone.-No labels were identified in the nuclei of osteocytes in any of the autoradiographs and no structural difference was observed on comparing mature bone from the normal rats with those given hydrocortisone.
Discussion
The development of high resolution autoradiography and the availability of a variety of nucleic acid precurors has greatly facilitated studies of the nature and magnitude of cell proliferation in many tissues. Most investigations have been carried out with 3H-thymidine because it can be used to advantage as a pulse-or flash-label since it is available for nuclear DNA replication for only a limited period (10-30 min.) after injection (Rubini, Cronkite, Bond, and Fliedner, 1960; Wimber, 1963) . By this means the number of cells in the DNA synthetic phase (S phase of the nuclear cycle: Howard and Pelc, 1953) can be accurately assessed in animals killed shortly after injection of the labelled nucleoside.
Our results with this method of 3H-thymidine labelling illustrate the various cell types in the osseous and articular tissues of the normal young rat that are synthesizing DNA preparatory to nuclear division and give some estimation of the cell numbers concerned. One of the sites of most active cell proliferation involves the chondrocytes of the epiphyseal growth plate and in this respect the results agree with those of Kember (1960) on the rat and of Tonna (1961) on the mouse. Labelled nuclei were also identified in chondrocytes of the articular cartilage and in synovial lining cells, but the proportion of radioactive nuclei in these tissues was much reduced compared with growth plate nuclei. Labelled osteoblasts or osteoclasts were not identified with complete certainty in the mixed population of metaphyseal cells in the present study, but they were observed by Kember (1960) in a more extended investigation of endochondral ossification and bone growth in the normal rat. His material comprised autoradiographs from rats killed 1 hr to 28 days after injection of 3H-thymidine and further preparations from animals given repeated injections of the labelled nucleoside. From these studies it was possible to calculate the approximate mean values for the mitotic time and DNA synthetic time of growth plate chondrocytes at 41 min. and 8 5 hrs respectively.
In the present experiments we have been particularly concerned with the alterations in the cell proliferative pattern that follow hydrocortisone treatment in the rat. The wide use of this steroid in the therapy of rheumatoid disorders has stimulated many experimental investigations of its effect on bone and cartilage growth, and the morphological changes that we describe are similar to those reported by Follis (1951) , Laron and Boss (1962) , and other workers. The growth plate was narrowed and the metaphysis became more dense and less cellular. It is well established that cortisone and hydrocortisone have a depressant effect on mitotic activity in many different tissues. Ghadially and Green (1957) , for example, studied this in mouse epidermis where cells in mitosis are normally abundant. Our results show that hydrocortisone also depresses the DNA synthetic phase of the nuclear cycle, and furthermore it is clear that the thymidine autoradiographic technique is sufficiently sensitive to permit reasonable measurements of this hydrocortisone effect even when the normal labelling rate is low, for a reduction in labelling was the only change observed in articular cartilage and the synovial membrane, both of which have low cell-turnover rates in the normal rat.
Hydrocortisone caused a significant decrease both in the number of growth plate nuclei utilizing 3H-thymidine and in the number of cells in the growth columns. The epiphyseal growth plate was reduced to about half the normal thickness and the alterations in labelling rates and cell population appeared to account for at least part of this reduction. As well as the decrease in the average number of cells per growth column, however, the other factors that contributed to growth plate thinning included a narrowing of the zone of hypertrophied cells and an overall diminution in the amount of cartilage matrix. There is little doubt that the matrix changes represent a further effect of hydrocortisone on chondrocyte function characterized by a reduced capacity to synthesize chondroitin sulphate. The present experiments provide no information on this aspect, but it has been repeatedly shown that cortisone and hydrocortisone reduce the level of incorporation of 35S-sulphate by chondrocytes into the sulphated acid mucopolysaccharides of cartilage (Duthie, 1962; Hulth and Westerborn, 1963 ; and other workers).
The morphological changes induced by hydrocortisone in the metaphysis appeared to be consequent upon an impairment in the process of cartilage resorption. The metaphysis was the one area studied in which the level of 3H-thymidine incorporation was unchanged, but this does not disprove an effect of the steroid on cell proliferation at this site. L'absorption cartilagineuse defectueuse amenait l'augmentation de la densite de la metaphyse chez des rats traites par l'hydrocortisone, avec inclusion d'une quantite excessive de cartilage dans le cancelluni provisoire. Le niveau general de la densite cellulaire dans la metaphyse se trouvait diminue, mais l'indice de radioactivite (labelling index) etait peu alt&e.
Efecto de la hidrocortisona sobre la utilizacion de la timidina radioactiva para el crecimiento del esqueleto de la rata SUMARIO Se estudi6 el cuadro producido por la 3H-timidina en ratas normales y en ratas a las cuales se habian administrado 5 mg. de hidrocortisona al dia durante 28 dias. La frecuencia de las marcas (labelling) de radioactividad en varios grupos de celulas en los huesos y en el cartilago fue medida.
La hidrocortisona hacia bajar la tasa de utilizaci6n de la 3H-timidina en la membrana sinovial, el cartilago articular y en el cartilago epifisario de crecimiento. El esteroide ocasionaba un estrechamiento del cartilago de crecimiento, lo que se atribuye en parte a la reducci6n numerica de celulas en cada columna de crecimiento afectando en particular los condrocitos hipertrofiados y, en parte, a la reducci6n de la matriz cartilaginosa.
El deterioro de la absorpci6n cartilaginosa ocasionaba un aumento de la densidad de la metafisis en ratas tratadas con la hidrocortisona, con inclusi6n de una cantidad excesiva de cartilago en el cancellum provisional. El nivel general de la densidad celular en la metafisis se veia disminuido, pero el indice de radioactividad (labelling index) acusaba poca alteraci6n.
